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(e.g. classical mechanics, waves, .~ ,?fs'grg:i
electromagnetism or thermodynamics) —

by attractive subjects: Y

not replace but complete the s

Quantique
“classical” curriculum ]

Lesotho—

Radioactivité
14%

Swaziland—
Zimbabwe—
Botswana—
Philippines—

Research ROSE — = o e L

India (Mumb)y- and the universe

Malaysia—
Trinidad & T+—

(Relevance of Science Education)

Portugal—
Spain (Bal)—
Russia (Kar)-

_ ol oir]s, boys
> Slmllar results across ma ny !e(Lat:::— 1 = not in[clz:lslcd

Estonia—

1 slovenia— 2 = a bit interested
countries Austria—" 3 — interested

»  Averages for « ordinary » engiand
science subjects are about 2 Kcaand-

A. Gasparini — UniGE/Collége de Genéve — Cosmology & RG in high school



2. Improve the links between high school and actual research

Students who learn physics up to the 19" century have a distorted idea about the
main issues of modern physics

3. Medium level of transposition

|II

Activities based on high school skills on maths and “classical” taught physics
= neither for a wide public (zero equations), nor academic level

* Contents are based exclusively on the sec |l sciences’ study plan (“gymnase”)

* Progressive level of difficulty

A. Gasparini — UniGE/Collége de Genéve — Cosmology & RG in high school



Course of 8 chapters
e Theory (book, 2018 & 2023 in FR; 2024 in IT; EN planned for march 2026)
* Exercises & activities with corrections

Table des matiéres

https://nccr-swissmap.ch/school-teachers- 1 Grandeurs
children/general-relativity '

Expansion

Bases de relativité générale
Lentilles gravitationnelles

https://physalice.ch/cosmologie/

Trous noirs

»  Equations cosmologiques

Chronologie du Big Bang

Ondes gravitationnelles

=» |deal for a physics optional course (2h/week), starting from senior high school
=» Toolbox for many others teaching contexts (punctual activities)

=» Complete intro for any interested learner with a good scientific background
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Course of 8 chapters
e Theory (book, 2018 & 2023 in FR; 2024 in IT; EN planned for march 2026)

* Exercises & activities with corrections

Table des matiéres

https://nccr-swissmap.ch/school-teachers- 1 Grandeurs
children/general-relativity Expansion

Bases de relativité générale
Lentilles gravitationnelles

https://physalice.ch/cosmologie/

Trous noirs

»  Equations cosmologiques

Chronologie du Big Bang

3 Ondes gravitationnelles

%* Course built and evolved over 10 years in parallel with

the practice with classes in CH, FR, CA and BE
(recognized by the international “Contemporary Physics Education Prize” in 2020)

s* The content and structure of the course have been cross-evaluated and validated
by academic experts (RG, cosmology and education) and as part of the publication
of the book and scientific articles (see e.g. SPS n. 55 or SSPMP n. 137 our PRL)
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Different "thematic paths" can be explored through the chapters,

following a chosen topic that can be developed by increasing the
level of difficulty

Examples :

1. Analogies & differences between gravitational and
electromagnetic interactions

2. Black holes
3. Curvature & gravitational lensing

4. Expansion of the universe

A. Gasparini — UniGE/Collége de Genéve — Cosmology & RG in high school
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. GALAXY CLUSTER SMACS 0723
. #  WEBB SPECTRA CONFIRM TWO ARCS ARE THE SAME GALAXY
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SPACE TELESCOPE

NIRCam Imaging

¢) En lisant dans le graphique la valeur de la longueur d’onde observée pour la ligne de l’ozygéne

. -
®. e » OIII, émise il y a environ 13,1 milliards d’années par cette source lointaine, calculer son redshift.
.. On peut lire sur le graphique \g = 4, 75 um et on sait que A = 0, 5007 pm, donc
/ d—A 4,75 -0,5007 :
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IEMPISSORSEEVINES Gravitational Lensing

. . .
* Deflection angle

»

— Dimension analysis*

"~ Parallel geodetics behaviour

lentille biconvexe

axe optique

lentille gravitationnelle '

— Newtonian derivation (factor %)
| s I ,

* What shape®f optical lens to obtain this 1/d behaviour?
" .
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Gravitational Lensing'
» . .
* Integrate to find the cerresponding optical lens profile '

_yz_i(x)z;(a'_r)“_% .
B« [ L

X0
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»

_ Gravitational Lensing'

» . v

.
* Trigonometry & symmetry - - eutledaymiiri
»

sphérique anneau d'Einstein

to find 6., as a function —
_O.f_ M lens ' ﬁ?il:nt,i:w N ‘ —T .
. & , ‘*\\\ -
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image de la galaxie L :@
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lentille allongée
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~

galaxie

lointaine —
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amas de galaxies
T3 ‘
galaxie ~ £ «
lointaine Y
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multiples images > 3 ‘,@

étirées de la galaxie
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»

Black holes:

b) Expliquer pourquoi I'image du disque d’accrétion est un anneau, méme si son axe
de rotation ne pointe pas vers 'observateur. De quel phénomeéne s’agit-il 7 (Faire
un schéma si nécessaire. )

THE ASTROPHYSICAL JOURNAL LETTERS, 875:L1 (17pp), 2019 April 10

Table 1
Parameters of M87°

Parameter Estimate

Ring diameter * d 42 £ 3 pas
Ring width * <20 pas

Crescent contrast =10:1

Axial ratio <4:3
Orientation PA 150°-2007 east of north
f, = GM /Dc? 3.8 + 0.4 pas
a=d/6 11193

M 6.5 £0.7) x 10°M.

Parameter Prior Estimate

Bihoy e z S S : D* (16.8 % 0.8) Mpc
Crédit : Jifeng, L. et al., Nature, Vol. 575, 618-621 (2019). M(stars) " 62711 » o

M(gas) 35509 x 10°M

Notes.

Pour les calculs qui suivent, utiliser les données ci-

" Derived from the image domain.

1 o 2E . ? Derived from crescent model fitting.
aessous “ The mass and systematic errors are averages of the three methods (geometric
models, GRMHD models, and image domain ring extraction).

A\ [%lh.\(‘ (l”. rl.()ll Il()ll ‘\ [ — () ; ") p l()() A\ [ . “ The exact value depends on the method used to extract d, which is reflected

in the range given
Distance entre la Terre et M87* : D = 16,8 Mpc

¢ Rederived from likelihood distributions (Paper V1),

Fombre = ombre * D = 53:1071%.52.10° =28-10% m > rg

A. Gasparini — UniGE/Collége de Genéve — Cosmology & RG in high school*



IEXEMPIESONGEUVILESY - Blackholes |
Find.the méssof SgrA* - S M

using Kepler laws for-
th'e orbit of 52

“Find its F. and
‘compare with S14

aphelion = conclude |
. y en kg et en masses solaires.
. thatsgr A* is a BH T = 16,05 années = 5,065 - 10* s. Le demi grand axe a de l'orbite elliptique vaut

a) A partir des données de lorbite de S2, déterminer la masse de Sgr A*. Exprimer le résultat

a=rp+c=rp+aec = a(l—e)=rp

rp 1,761-10%

=3 = =1.,531-10" m.
— € — U, 869

a
¥ En utilisant la troisiéme loi de Kepler on peut trouver la masse du trou noir :

a> GM _ An’d? 47+ 1,531° - 10%

= = 8,28 -10% kg

T2G  5,0652-1016.6,67-10-11

M

= M=8,28-10% kg =4,16-10° M, .

A. Gasparini'— UniGE/College.de Genéye — Cosmology & RG in high scHool



WIRIESEC el . 7 . Black holes

. P o ._l\"- Sy
PN L et o 35 v .,‘ . . .

e) Calculer la densité moyenne de Sgr A* et la comparer avec celle d’un trou noir stellaire.

On peut trouver p a partir de la formule dérivée au cours ou en calculant le rapport
entre la masse et le volume du trou noir :
M M 8,28 - 103

= 7 = = 1,06 - 10° kg/m”’.
P= Y = UBar3 ~ 43r-12,35 107~ 106 10 ke/m

> Calculate the . - .
average p of
Sgr A*

i) > Find the general *
formula of the
average Pgy
s | trou noir decrea5|ng
as M2

weene. . . étile & neutrons > Tide effect and

atomique o | . naine blzmch.c fronnoir de SerAR .

.tour Bafio) llerre trou noir de M87 Az, d e n S Ity Of a B H
10.%0 10° 10  10® 10  10%° 1o’°. 10% 10 10% Em” 10 10% pr lkuT
w010l étoile supergéante (.2 (.2 (.4
107 disquc‘galactiquc giM) = 2rg - 2. 204‘[/('2 B 4GM
i T s univers
1070
, _ 2GM 2GM A
g(M) ri T (2GM/)? T aGPM?
10%° =
g (M) B b B
o(M) ~ 4G2M2 | 327G3M?




m Tide effect near the horizon

'

a) Estimer la force de marée axiale créée par Gargantua sur la planéte Miller.

r=10-r¢=2949-10%?m : d=2Rr=2-6,378-10°m =1,2756-10" m

YR ~-m 2GM , GM-m-d
Rll?ll'(‘(‘ == ? & I(/ (’ )‘ ' (1 - ? ’ ],,;g ’ ([ o T

6,673-10"11.1,989-10%-5,972-10% -1, 2756 - 107
(2,949 - 1012)3

= 304 ] QrilteeRadhi—s0i 8 04 S9N .

b) Comparer le résultat du point (a) a la force de marée de la Lune sur la Terre (app. B.3).

) ‘ 22
l.‘mur("('(I;u'guntnn/’N]illm' o 3,94 - 10N

: el 07
F‘mm'éoLlm(\,""l‘orro 0,0 1()“ﬁ N

¢) Quelle serait la force de marée axiale sur Miller si elle était sur lhorizon de Gargantua ?

Sir = rg on peut refaire le calcul ci-dessus avec un r dix fois plus petit, ce qui donnera
un résultat 10° = 1000 fois plus grand. On peut également utiliser la formule dérivée
au paragraphe 5.5 du cours :

- ~ ®md  (3-10%)°-5,972-10%* - 1,2756 - 107
m T 8GEM? T 8- (6,673 10711 - 1,989 - 1038)2

=8 04 JgroreahT—aet=1ly,. . 8107 102N .




w " 3. Tem erature and evaporatlon i
'Mlcroscoplc |nterpretat|on with QM Vi R 2 : , T & 1 s
. Pa|r production in a vacuum (Hawkmg mterpretatlon) M

o Tunneling. « - \- SRR E L _‘::-."1

densité de p=o . = % = —

masse/énergie ' ' ; /
1 . . .
+__classique relativiste / _ R e
: —
1
'

EVENT HORIZON

Estlmate the temperature of a'BH with the mdetermlnatlon prmaple

n AFE hed . St R T
AfB SABGA[ . . e '

B Ce résultat correspond & un facteur 7 pres A la formule de Hawking (5.23) vue [RESSES ¥
A - > \‘. ) /- . \ ..
auparavant. - st .18 ¥
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A 1

[ 2
gl . ol = dnry -0 - T (5.29)

_ dt ~ dt

SR remplacant les équations du rayon de Schwarzschild rs(M) = 2GM/ 2 et
de la température du trou noir (5.23) en fonction de la masse dans I’équation
5.29), nous obtenons

P =

Energy-mass
conservation i

. , 2 4
Stefan-Boltzmann-law _daMe _ (2GMN\T (ke
_ : dt 2 8nkpGM
(+ some rough but L AME _ oom -
‘well justified & sl |

apprOXIma\tlonS) Nous remplagons o par son expression (5.28) et écrivons 1’équation (5.30)
=> estimate the RS

1t 2 m2kp 14 8 3 2
BH evaporation dMc? g - Rle L dME ke
: ‘ dt —  25673kL(GM)2 dt ~  153607G2M>2
hne . dM Bt A
: LV, C 2 c
‘ PR dM = —————— dt . 5.:
22 dt 15360 G2 M2 S AEaid 153607rG2( (5.31)
M (t=te)=0 t=te ol
/ M?dM = — / ———dt
M (t=0)=M;jy, i—o 153607G
M3 het
= 0—-—L=——0u"o —(t.—0
3 153607rG2( )
= 15360nG? M3
< hct 3
i 51207 G2 M3
. _ = fp=—— T i (5.32)
LA Gasparini—. hC4




te &

5. 10%-3-(7-10~" o’ /(s* k&))" Mi®
1-10-34 kg/(m/s)2-s-(3-108 m/s)4

~9-10"s. (Min/ kg)? (5.33)

= B 1075ME
k

b) Déterminer l'ordre de grandeur du temps d’évaporation d’un trou noir de (1) M;, = 1 kg,
(2) Min = Mrorre €t (3) Min = 10 M.

=16 _® 3 —16,_*© X8 =16 -
1. t.~ 10 e M3 =10 7 (1kg)®~ 107%s;
9. g e 100 ksg < (6-10% kg)? ~ 2-10° s &~ 7-10° années ~ 10°! années :
o
3. t.~ 10716 1:‘* (2-10* kg)® ~ 8-107" s &~ 3 - 10™ années ~ 107 années .
=

¢) Quelle devrait étre la masse initiale d’un trou noir pour qu’il s’évapore en une durée de
Uordre de l’dge de l'univers, teyap ~ 1019 années ?

te~9-1071" M3 =1,4-10' années = 4,4-10'7 s

L e L4105
n =g i0~W s/kg3

= M,~{/5-1083kg®=1,7-10" kg~ 210" kg .

A. Gasparlm UanE/CoIIege de Geneve = Cosmology &'RG.in hrgh Selg[ele] - . ;. ;1‘ v A N R A e iy

=5-10* kg




Time dilation

Equivalence between

e standard point-mass gravity

e uniform circular motion
(artificial gravity) ‘

Equivalence betweentime dilatio‘n

. for uniform circular motion (RR)

* inpresence of aspherical mass
(GR)

. .~ . - .
a l'infini

Tableauw de comparaison entre gravité et gravité artificielle

Grandeur

Accélération de la gravité

Gravité Gravité artificielle

- ~ 9
Force de la pesanteur Fogart = +mw* R
Energie potentielle gravita-
tionnelle au point P

Point O, ou l'énergie po- au centre du MCU
tentielle vaut zéro

A. Gasparini — UniGE/Collége de Genéve — Cosmology & RG in high scho




"Examples of activities Time Dilation Effects on Earth

Far time speedup wrt/ Earth time
s

Time dilation

T
1S center

)

1

T
art
Earth’s surface

'l Shuttle orbits
GPS orbit

E
4 Geosynch orbit

Orbital \'pccd slowdown

@)
c
O
Q
(]
w
-
-
<
ad)
-
(D]
o
(@)
D]
g
~—
<
a0
w2
@)
-
o
Q
(]
w
®)
=

10 000 20 000 30 000 40 000
Kilometers from Earth’s center

Le temps mesuré par Cooper lorsqu’il reste a proximité de I’horizon du trou noir est
toujours le temps propre Atg, = 2h 45" = 2,75 h. Pour un observateur au repos sur
Terre, ou l'effet de la gravité est négligeable, la durée correspondante est (effet de la
relativité générale)
1
A= - Aty
g —— L g
V1 —2GM/(c?r)
2GM  2-6,67-107'"-1,99-10%
c*r 9-10%6.3.101
= At ! 2 (5="T. TYT
= — « 2, (=", T1{ +.
2 1 —0,9832

= (,9832
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> Fnedmann equatton form energy-mass conservatlon ‘o N ¥

.

.9 .
a* 871G ppmo

> Fmd the cosmologlcal
o constant for
| a static umverse

87G p

.9 0
5 =— 3 T A = a" =— =
a* 3 a 3 a

92
+ Aga” ;

on impose ag = a(typ) = 0 (condition d’univers statique) et on trouve

.9 87TG/)mO 87TGPI7IO
agy=——"—+Apg=0 = Ag=——"7-—.
> Show that it Ieads to ’ 3 3
a n U N St a bl e S OI Ut| On 88 Si on prend comme valeur de la densité p,,0 ~ 1-107%7 kg/ m? on obtient
‘ e A~ —6-1073"~ —107%6 572 <0.

c) Montrer que, méme si aujourd’hui l'univers était statique (a(tg) = 0), il serait instable :
une valeur de la vitesse infinitesimale (a(ty) = € < 1) impliquerait une accélération a(ty) non
nulle. Qu’en déduire ?

> 817G pmo . .. 8nG |
a2 = — i Aga® = 2a-a=—- (— /"') . ) + 2Agaa ;
3 @ 3 a*
en simplifiant par @ = € on a :
” 8rCG /),,,U 5 871G pimo 8mGpmo  87Gpmo
a=—— +Apa = a(ty) = ————+Ap=— : — .
G s E (to) G E G 3
= = —'—lll(vf)m() 0. N

% A asparlm UmGE/CoIIege de Geneve Cosmology & RG in h|gh school



(a)entre tepet tont dt => a=a(tem)= 1/(1+ Zem)

*

1

1 I
L S !

T R L Den 0
'Cosmol.o, ical dlstances ok, e = 0N
: At ¥ s el dr{tem)
lete value of Cc+ expan5|on e retrid |
+£5 on cosmolog|cal scales the S ; . 20
: .-cOmmon notion: of dlstance |

| '__‘spllts into 5 dlfferent quantltles |

©1=tr=> a=a(t)=1"

‘ _ I : D, ;ébo
dz '

» % i s I
Dr(zs) :/ dr = —/ . —
( t Ho Jo ERVAUNE +QA - ——

e
dr(1)

em

Do(zg) = dro =
o) /tem i Ho/ V- (L+2 +QA

D 4(zs) = Dem(2s) = @em - Do ; . “ ’

5 Vi W|th dlfferent behavnor
1+~s/ N T S ;-,",asafunctlonofthe*

. fredshﬁtz e
Dp(zs) = 2 * Dem = - Dy o P W 22 3

A. Gasparlm UanE/CoNege de Geneve Cosmology &: RG g hlgh schoo1 .I




Cosmolo" |caI dlstances .'

| > Study the I|m|t cases '

» > flnd the Ium|n05|ty dlstance (DL) as
‘_“aftmctlon of 2, and .Qm,and v
compare ‘with the Supernova
" Cosmology Project data -

distance in Gly or age in Gyr

Comparison of Distance Measures 0 < z < 10,000

10000
Luminosity naive Hubble
1000 | : r
190 LOS comoving ]
10 |

Lookback time

Angular diameter

1 1 1 1 1 1
0.001 0.01 0.1 1 10 100

ADen(z2) _ 2 S N .
dz,  Hp (1+ 2,)? (1+ 2z,)1/2 (1+2) 2

3 - \1/2 3
= —1+9(1+z5)1/) 0 = (1+2z) 2
5
= 1+.;b—1 = ~—1—1.2-)

" A Gasparini = UniGE/€ollége.de Genave — Cosmology & RG i high school

maX|m|zes the
' ﬁ;proper dlstange
. .atthe time of
: /ﬁ'.emlssmn D
( w)_

.-(W|th .QA.—Oand.Q “1)




e CMB power spectrum and curvature of the unlverse (ch 2)

el _Equwalence prlnclple |nert|a and grawtatlon for Elnsteln vs

o Newton (ch B | o
oo Pr|mord|al nucfeosy@esrs and abundance of Ilght eIements (ch 7)
+ Fusio | temparatire and tunnellng (ch 7) e A :"*.. !

*ravrtatlonal‘radlatlon (Chw&)w#
» Comparing quadrupole (GW) vs. drpoIe(EMW.) em|55|on

> Why only astrophysrcal mas§es can produce such waves e
> Why relativistic sources are needed for detectlon ? (BH or NS)
» Why ar@ these waves so |mportant»|n the nowadays phy,srcs F = I 8,

» Relation M./ frequency / detéctor’s size” .

» + all the exercises you can do with waves (traditional curriculum) | _
. _ : » e ( 3 . ‘
o~ ‘ 24

AR Gasparini— UniGE/Collége de Genéve —Cosmology & RG in high school &



Physics Education Research Study features

 Sample: last year high-school students choosing the PHY
complementary option (CO) course in Geneva
=> not physics specialized maturity (no PHY specific option)

e 4 class-groups form 2020 to 2024, with global ratio gender of 1.3

School year NF / Nr / Nu specialized | Ng/Nw in the high
g otlon CO physics courses (SO) school

| 2020-21 | 028

2021 -22
[ 2022-23 |
2023-24 n

| Total | 70 [ 38

* Duration: one semester, from August to January (36 periods)

* Content: Universe scales, structures, composition, acceleration, basics of
GR, gravitational lensing, black holes (ch. 1 to 5)

in upper secondary school through new targeted teaching materials: A study on
student learning and motivation”, Phys. Rev. Phys. Educ. Res. 21, 020107 (2025) -

A. Gasparini — UniGE/Collége de Genéve — Cosmology & RG in high school



_ Conceptual learning

* Strong impact of the course on conceptual learning of cosmology,
based on a CMQ of 14 newly created items following on the
course content

Learning : PRE/POST comparaison

Gain =
Index Pyre (SD) Pyost (SD) Cohen’s d (<Ppost™ = <Pore>)/
(1- <Pyre>)

Mean(SD) 0.35(.18) 0.76(.15) 2. gH*x 63%

[range of [0.06 ->0.60] [0.43->0.93] [0.44%* ->1.59*%] [39% -> 90%]
values]

Medium (*) to large (**) positive size effect on each item, and very large (***)
overall effect (t-tests with p <.001)

* Moreover, 10 items out of 14 revealed a misconception, overtaken
after the intervention 26

A. Gasparini — UniGE/Collége de Genéve — Cosmology & RG in high school




Conceptual learning

Item keywords
(translated from
French)

We can observe
other galaxies ...

We call “dark
matter” ...

The “cosmic
microwave
background” is the
radiation ...

By “dark energy”
we mean ...

A BH 100 times
more massive than
the other is

Right answer

... moving away more
quickly as their
distance is greater
matter which does
not interact
electromagnetically
... emitted in the
primordial universe
when neutral atoms
were formed

... the energy at the
origin of the change
in volume of empty
space

10000 times less
dense

Percent of
right answers
PRE — POST

37% — 76%

31% — 93%

25% — 91%

31% — 87%

6% — 43%

% of answers

related to the

misconception
PRE — POST

Related misconception

... moving away with the
& aWay 46% —> 24%

same speed/almost at rest

... particles of antimatter 37% — 0%

... emitted during the
formation of the first
galaxies

37% — 6%

... the energy of dark

41% — 3%
matter

... the same / 100 / 10000

) 71% — 25%
times denser

 Moreover, 10 items out of 14 revealed a misconception, overtaken
after the intervention
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_ Affective outcomes

Small effect (*) of the intervention on curiosity as a state and self-
concept in relation to the course, based on standard test items

Affective outcomes : PRE/POST comparaison

Dependent variable
(number of items in the scale)

Interest (K=5) 3.94(.82) 4.08(.92)
Curiosity State (K=5) 3.93(1.02) 4.40(.98)

Mean,. (SD) Mean s (SD) Cohen’s d

Self-Concept (K=5) 3.76(.99) 4.02(1.04)
Relevance of Science (K=8) 3.67(.88) 3.68(.89)

D Participants’ interviews confirm that this can be explained by the adequate
structure of the course, tailored to the targeted level

> Students’ responses indicate how a structured and in-depth treatment of
certain subjects may not increase their interest, as they are satisfied with
learning at their current level, but they remain willing to learn more, aware
that this would require a higher level of mathematics and physics
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Students’ quotes

Awareness about the physics courses and relevance of science

"I thought Newtonian mechanics was insufficient for calculating, for
example, the Schwarzschild radius. | discovered that Newtonian mechanics
can actually provide good approximations for more complex results.”

"As for Newton's laws and waves, | can explain them now, and | feel more
confident about these topics.”

"It's actually the more philosophical side that is highlighted, thanks to the
quantitative data, but also to my personal research.”

“I didn't think the temperature of the universe was that low. Our intuition
is distorted by our senses and our daily experience.”

"Understanding that we are nothing compared to the universe, realizing
that we are a tiny part of what surrounds us, was very striking to me.”

29
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Students’ quotes

About curiosity versus interest

“Curiosity grew because the subject is truly interesting, and there’s so much
we don’t yet know. But interest might decrease a bit because once you know
the basics, the course inevitably gets more technical with math and physics.
As for me, | like astronomy, but | wouldn’t go further now.”

About the course

“The course came at a very good time because the day after we covered the
subject, we saw photos of the black hole in the center of our galaxy in the
newspapers and were able to study it.” (about the M87 black hole by the EHT)

“The documents were very precise and very well explained, the book is very
well done, the files with summaries helped a lot.”

“It was the most interesting course of the year, | loved it, | suggest that it
always be integrated into the physics course.”
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 From year 2024-25 the course of C&GR is offered over 2 semesters

> Possibility to complete the 8 chapters
5 Also in Italian (Ticino Canton)

* From 2026 also in English

* A network of collaborating teachers and researchers

D improve and expand questioners and interviews to evaluating the
impact on students’ learning and motivation

5 update the C&GR educational resources, following the evolution of
scientific actualities

5 create new collaborations for observations (Stellarium Gornergrat,
OFXB in Saint Luc)
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"The important thing is
not to stop questioning.

Curiosity has its own reason

_for existing.”
, P

.Y
F &"

y - Albert Einstein

Thank you

alice.gasparini@unige.ch
maria-alice.gasparini@edu.ge.ch
https://physalice.ch/

Y\ SwissMAP

'\ The Mathematics of Physics
p=] National Centre of Competence in Research
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